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Abstract 
Within the collaborative research centre 694 "Integration of electronic components into mobile systems" intelligent 
mechatronic systems are explored for application at the place of action. Especially in the automotive sector highest 
requirements on system safety are combined with an enormous importance of the production for the whole national 
economy. Therefore the collaborative research centre is led by the vision to integrate electronic components in 
sensors and actors of mobile systems. About 30 scientists at nine participating academic and non-academic 
institutions in Erlangen explore mechatronic solutions for the requirements on manufacturing processes, electronic 
systems and quality management techniques within the car of the future. 
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1. Introduction 
“Mobility and personal individuality belong to the most important needs of our time.” Concerning this 
assumption, with which the Collaborative Research Center (CRC) 694 “Integration of electronic components into 
mobile systems” started its work four years ago, has more validity than ever before: Data from the German Federal 
Bureau of Statistics have shown that in 2008 over 40 million registered automobiles were owned by German 
households of which 81 % owned at least one car. This demonstrates an increase of about 3.1 % compared to 2005. 
According to the consumption and media analysis of 2008 respondents named “high reliability” (94.9 %) and the 
“price/performance-ratio” (94.4 %) as the most important criteria for buying a car [1]. Those are followed by 
requirements concerning the conservation of natural resources in its diverse aspects. 
Analyzing those mentioned requirements concerning their degree of compliance it can be seen, that there is still 
enormous room for improvement especially regarding the reliability, security and life cycle oriented sustainability 
sections of mobile systems. New drive concepts like hybrid- and electric-engines, which will have reached a 
predicted market share regarding sold new cars of over 25 % by 2020. However the effort of maintaining a defined 
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quality and reliability standard increases extraordinary strong within the mobile system “hybrid/electric vehicle” 
compared to a customary automobile with a combustion engine. This results primarily from the need for additional 
effort in the coordination of two different drive technologies as well as from the diverse challenges of energy 
management in mere electric vehicles (e.g. recuperation), which in parts still have not been solved sufficiently. This 
is reflected on the level of components by increased numbers of required control and regulation functions as well as 
by a big amount of supplementary plug connections and wires to the sensors and actuators at the corresponding 
locations and their respective mission profiles.  
The leaping increase of complexity in the mechatronic system “automobile” due to changed requirements 
towards life cycle oriented sustainability demand innovative concepts and solutions for products and processes. The 
complexity should be avoided from the start respectively mastered or countered by such solutions. According to data 
from the “German Electrical and Electronic Manufacturers' Association” (ZVEI) currently 22 % of the production 
value and up to 90 % of the innovations (with rising tendencies), come from the electronic sector. Therefore mobile 
mechatronic systems have become a central key role of long-lasting corporate success concerning the 
competitiveness between the automobile manufacturers. Companies have to adapt the desires of customers with the 
maximum of flexibility and shortest response times in the global competition in order to gain, develop and secure an 
advantage on the market.  
The starting point for the fulfillment of the needs that were mentioned at the beginning, lies in the concept- and 
manufacturing-quality as well as in the reliability of electronics while considering the ecological necessities of our 
time. A promising approach is the improvement of integration techniques, i. e. integrating the electronics into 
sensors and actuators at the location of action and their corresponding validation strategies. The number of critical 
reliability components like plug connections and cables are considerably reduced with this approach and the 
economical, effective production of electronic components is guaranteed, too. This yields in the vision of the CRC: 
Integration of electronic devices into sensors and actuators of mobile systems, which can directly be attached as 
an intelligent and reliable functional component at the location of action. So the complexity of electronic controllers 
can be reduced as well as the reliability of electronic components clearly increased. Innovative technologies permit 
the production of robust electronic functional components regarding individual customer requests. Those functional 
components meet the highest standards of sustainability during the planning, production and application in mobile 
systems.   
2. Current requirements towards the automotive industry 
Recent studies have shown that electric and electronic components are responsible for about 30 % of the price of 
a car by 2015 [3]. As can be seen in Figure 1 Germany will profit the most from the ‘electrification’ of automobiles, 
since the achieved sales of vehicle microelectronics will rise about 70 % from 4.6 (2006) to 7.7 billion US-dollars 
(2011). This shows an annual average growth of 11.9 % which is above the forecasts of the general economic 
growth. 
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Fig.1. Development of the sales for automotive microelectronics 
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Researches carried out by the “Work Group Consumption and Media Analysis” (VuMa) have shown the criteria 
for purchasing a new car, like they are described in Figure 2. The far-reaching scientific and economical relevance 
of the Collaborative Research Centre can be seen therein, that the five most frequently mentioned criteria are 
regarded by its focusing and set-up. 
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Fig. 2. Development of the sales for automotive microelectronics 
 
According to data from the ZVEI derive 90 % of the innovations during the development of new automobiles 
from the electronic sector [2]. Figure 3 gives an overview of the four relevant application areas of electronics in 
automobiles and their current use: 
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Fig. 3. Examples for innovations in automotive electronic 
 
Those four main application areas are also the focus of innovations which will influence the technical 
development of electronics in the automobile section within the next few years [5]: 
 
Systems for the passengers´ comfort  
Air conditioning and its enhancement the klimatronic have been state–of-the–art for many years. Nevertheless 
those systems are constantly developed considering their energy efficiency. Approaches for the usage of cycle 
regulated fan systems or higher evaporator temperatures and their regulations are investigated amongst others. 
Further focuses of research are for example head-up-displays and the standardization of interfaces in mobile 
mechatronic terminals.  
 
Active driver, passenger and pedestrian security 
The main key activities in the area of active security systems are especially the research and development of 
diverse sensor systems like high-frequency-antenna-systems, radar, ultrasound- and infrared-systems. Beyond this, 
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the cross linking of different security and assistance systems in cars has to be accomplished in order to create a 
forward thinking, comprehensive and active security system. This system should increase the security of all the 
traffic participants as well as the reliability and availability of the mobile system. 
 
Infotainment and communication systems 
The availability of additional infotainment and communication systems has increased dramatically within the last 
few years: New intuitional ergonomic concepts for the human-machine-interface have to be developed due to the 
widely spread complexity of such systems. Another challenge for the development of communication systems is the 
placement of often required transmitting and/or receiving antennas in places, which have not been made accessible 
so far. Over fourteen antennas for external communication are necessary in current high class cars in order to 
achieve today’s demands and therefore nearly all of the typical construction places like the rear window, bumper, 
side mirrors and so on is used so far [6]. 
 
Sustainable environment-friendly design of electric and electronic systems 
Because of the growing need for mobility of mankind and the limited resources of fossil fuels, different 
approaches of energy-saving and -support are pursued: Especially the development of modern start/stop-systems, 7- 
gear-double-clutch-drives and vehicle-weight-reduction as well as the medium- or long-term comprehensive 
adjustment from hybrid to electric engines have to be mentioned here. 
A long-term challenge for the realization and implementation of the diverse applications of electronics in 
automobiles exists in the verification of a lifelong resistance against the collective load which prevails at the place of 
action [7]. The prevailing mission profiles are characterized by diverse physical and chemical influences like for 
example: 
• Extremely high local temperatures of over 140 °C (breaks and engine).  
• Broad span of ambient temperatures (e.g. -40 °C to +85 °C). 
• Ultraviolet rays. 
• Fluctuating humidity. 
• Diverse influence of more or less aggressive media (engine- and gear-oil, break- and cooling-fluid, fuel, 
 salt fog) 
• Acceleration, oscillation and vibration (impact load during driving on bumpy roads, rotation and speed 
dependent oscillations as well as drive induced vibrations) 
 
The electronic components furthermore are subject to other reinforcing strains at the place of action: 
• Insufficient cooling possibilities for (performance) electronic components 
• Extreme limitation regarding geometrical size and form of the construction 
• Usage under harsh environmental conditions (salt fog in winter, spry water when raining, stone 
chipping….) 
• Electric, magnetic as well as electro-magnetic interference fields from own (e.g. ignition system) to 
external (e.g. cellular mobile transmitting stations) systems of the car 
 
The Collaborative Research Centre explores scientific-technical fundamentals of sustainable intelligent 
mechatronic systems regarding their usage at the place of action in mobile systems. Especially in the automotive 
sector highest requirements on security, reliability and sustainability of the product merge with economic 
significance of the production. 
3. Long-term vision and main research points of the Collaborative Research Centre 
The CRC members’ extensive research as well as discussions with industry partners have repeatedly shown the 
relevance of the covered subjects for the German economy and the interest of the national and international 
academic world. From the vision of the Collaborative Research Center four main topics can be derived: 
 
Functional and appropriate local and central level of integration 
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Single components like electronic devices, sensors and actuators are integrated more and more into modules, 
components and systems. The original attempt towards a holistically central integration was followed by provision 
of bus systems which led to an extensive decentralization. In the future, the level of integration and arrangement of 
systems will be defined by availability of communication technologies, required transmission reliability between 
local components, functionally conditioned power needed for transmission as well as economic conditions. 
 
Lifelong reliability of electronic devices 
The diverse application fields of electronic devices in mobile systems and especially in cars require intensive 
reliability examinations concerning the whole life cycle of an electronic component. Reasons are especially the 
increased reliability demands, which arise from local integration of electric components, and the resulting mission 
profiles. This causes, amongst other things, development-accompanied simulation of quality and reliability of 
components, process- and product-validation which need to be tested in varying collective loads. 
 
Reducing the diversity of electronic assemblies 
The current diversity of electronic assemblies and components impedes their manufacturing and quality control. 
This can be compensated by the development of new module- and system-concepts, which reduce the diversity of 
assemblies and components. The technical challenge is the functional design of the modules and components as well 
as the constant increase in quality of production systems. On the level of components this is required by further 
development and standardization of construction and joining techniques. 
 
Quantity flexible production 
The variety of individual customer desires can only be met by the corresponding diversity of electronic 
components which are integrated. This again requires a correspondingly appropriate quantity-flexible production. 
Hence results the necessity of usage in adjusting-friendly, quality-assuring and economic production systems. 
Besides this, the interdisciplinary co-operation of manufacturing experts, electronic technicians and experts for 
quality assurance needs to explore new manufacturing technologies regarding their economic application and 
optimize those in order to meet the quality requirements.  
4. Structure of the collaborative research center 
In order to achieve the long-term research aim the necessary operations of the 13 scientific subprojects are 
bundled into three project sectors. Fig. 4 maps the assignment of the subprojects to their respective project sectors: 
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Fig. 4. Structure of the Collaborative Research Center 
 
Project area A “Processes”  
The project area A “Processes” develops new manufacturing technologies and methods for process validation in 
order to build electronic components for mobile systems, which were i.e. explored in project area B “Systems”, 
within the framework of an economic/ecological production chain. The highly claimed reliability in those systems 
by scientifically examining simulation-based, quality-oriented process-validation and -optimization is the core of 
subproject A3. Specific requirements concerning geometry and weight of components in mobile systems challenge 
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the manufacturing processes exceptionally. Therefore, the subproject A1 examines generative hybrid methods for 
building 3-dimensional functional components with integrated electronic assemblies, which allow a quantity- 
flexible, waste-reducing production. Furthermore, the fundamental improvement of existing manufacturing 
technologies will enable a flexible design of robust products. The subprojects A4 and A7 are assigned to the quality 
critical part of construction and connection techniques, when looked at from the process side: 
Subproject A4 examines non-detachable welded joints using laser beams and subproject A7 applies itself to the 
removable multi-material plug connections. The application of new materials, respectively the combination of 
dissimilar material-combinations, which can only be bonded in a difficult way by conventional methods, requires 
examination of new approaches. Those technologies also have to ensure the required flexibility during mass 
production. 
 
Project area B “Systems” 
The main aim of the project area B “Systems” is to provide innovative module- and system-concepts in order to 
design robust electronic components, which are used in mobile systems. Therefore, subproject B1 examines 
construction- and connection-technologies for established planar electronic assemblies in order to adjust them to the 
production of three dimensional circuits with integrated heat dissipation concepts. The scientists of subproject B3 
deal, in close relation to the above mentioned works, with the fundamental examination of a quantitative description 
of the system especially with highly filled synthetic materials concerning their modified thermal conductivity for the 
simulation based prognosis of thermal conductivity variables. Another approach dealing with the increase of 
robustness is pursued by subproject B5: simulation based methods are developed, which allow the layout of 
economical solutions for on-board networks in a system-theoretically way. So, control devices can monitor 
themselves mutually in the electrical network of a mobile system and can take over the duties of faulty pendants if 
necessary. Subproject B4 develops local assemblies of power electronics which can be used in electric motors of 
hybrid or “pure” electric vehicles. Therefore, geometrically flexible components, which can be fitted into the given 
installation place in an ideal way and avoid unused spaces, need to be explored in particular. The works from 
subproject B2 aim at exploiting new installation places for antenna-structures on the surface of automobiles, for 
example a driver’s door which is made out of synthetic materials. At the same time, the optical stainlessness of the 
surface has to be ensured as well as the ability to resist rough ambient conditions i.e. aggressive media or 
mechanical influences. 
 
Project area C “Quality Assurance” 
In cooperation with the project areas A and B, the projects within this area explore specific methods for quality 
assurance and -control of manufacturing- and integration-technologies. Furthermore, fail-safe-strategies for 
electronic components are developed. Therefore, subproject C1 dedicates itself to the conception of local testing 
methods and strategies. Knowledge about complex, load-dependent damage-mechanisms for electronic and 
mechatronic system-solutions, can be gained with those strategies.  
Subproject C4 develops further methods which will increase the reliability in power electrical components. This 
can be achieved through on-chip security solutions. Providing testing methods in order to enable the detection of 
visible and hidden characteristics of quality embedded assemblies is the main aim of subproject C2. 
5. Demonstration platforms 
In order to prove the effectiveness of processes, methods, components and strategies which are examined within 
the CRC, two demonstration platforms have been developed, in which research results of the subprojects will be 
integrated continuously. Furthermore, they offer an excellent option to explain the advantages and efficiency of 
those works descriptively to interested people of all kind. 
 
Demonstration platform I – Integrated converter engine for the hybrid drive in a car 
Demonstration platform I is an integrated converter-engine for a hybrid drive. The platform consists of an electric 
motor with a capacity of 40 kW which is integrated into the transmission bell of a vehicle together with the required 
power electronics, i.e. the converter (see Figure 5). 
 
724 A. Weckenmann et al. / Physics Procedia 5 (2010) 719–726
 Author name / Physics Procedia 00 (2010) 000–000 
 
Fig. 5. Exploded drawing of the integrated converter drive 
 
This integration leads to a significant decrease of parts and connection-elements like cables or plugs as well as 
simplified installation into the vehicle compared to today’s available solutions like those in a Toyota Prius, the most 
successful hybrid production vehicles so far. Due to the high voltages, which are necessary for actuation, voltages 
up to 450 Volt and electric currents of several hundred ampere need to be controlled by the converter. The extremely 
hard environmental conditions at the installation point, i.e. temperatures of up to 140 °C, coolant temperatures of up 
to 115 °C, intense vibrations and humidity as well as a very small and highly ragged installation-space demonstrate 
the highest requirements regarding a near local system integration of electronics in this application. The spectrum of 
problems which need to be dealt with on a scientific basis range from new 3D-intergration concepts, construction, 
connecting and encapsulation techniques which are stable during changes in temperatures to thermal management 
on circuit boards and strategies for quality assurance in such mechatronically highly integrated systems. 
 
Demonstration platform II – radar active automotive boy shell of door modules 
Demonstration platform II offers possibilities for a local and reliable integration of electronic components using 
the example of a vehicle door to various subprojects. This door is equipped with a radar active coating including 
integrated antennas and high-frequency radar modules. The best integration place for antennas and high-frequency 
modules into the frames of vehicles results from the use of wireless security- and communication-system 
components for the precise registration of traffic sceneries around the vehicle (see Figure 6). A further difficulty 
concerning those sensible surfaces is that applied antenna-structures are not allowed to affect the optics of a perfect 
lacquer surface, the so called “Class-A surfaces”. 
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Fig. 6. Exploded drawing of the radar-active body shell 
 
6. Conclusion 
The integration of electronic components into mobile systems bears solutions for the most haunting problems 
within the development of the next generation of cars. So, the central intention of the Collaborative Research Centre 
` 
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694 is highly important to the economic success of the automotive industry in general. Discussions with experts 
from the industry acknowledged this impression many times. The combination excellent scientists of mechanical 
engineering, electrical engineering and computer sciences within one big research association is unique in the 
German field of automotive research and the only promising approach to find mechatronic solutions for the 
challenges of the future. 
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